Detailed GC and GC/MS analyses of essential-oil samples obtained by hydrodistillation of Morus alba L. and M. nigra L. leaves (four samples) allowed the identification of 131 constituents representing 95.1 -96.4% of the total GC peak areas. The most abundant compounds classes were alkanes, diterpenoids, carotenoid-derived compounds and fatty acid-related constituents with trans-phytol (7.9 -71.2%), (E,E)-geranyl linalool (0.2 -8.0%), (Z)-bovolide (8.1%) and n-chain alkanes (in total, 17.5 -52.4%) as the major constituents of the analyzed samples. In general, there were only quantitative differences noted between M. nigra essential oils from fresh and dry leaves. The most discernable changes included a variation in the content of the major constituents (e.g. the relative amount of trans-phytol and the total amount of alkanes decreased by 5.8% and ≈ 2%, respectively, while that of (E,E)-geranyl linalool increased by 7.8%). On the other hand, the composition of M. alba essential oil was much more significantly affected by the drying process. The highest quantitative differences were noted for trans-phytol, geranyl acetone, and all isomers of 4,6,8-megastigmatrien-3-one. Also, a rare plant metabolite, (Z)-bovolide, characteristic of leaf senescence, was only identified (8.1%) in the essential oil of M. alba dried leaves.
The genus Morus L. (Moraceae), commonly known as mulberries, comprises about 16 species of deciduous, wild-growing/cultivated trees that are spread across many temperate world regions, especially in the Northern Hemisphere [1] . Species of this genus have a long history of use in folk medicine, with a number of interesting biological/pharmacological properties already scientifically proven [2] . Specifically, Morus alba L. and M. nigra L. were shown to possess analgesic, sedative, diaphoretic, antihypertensive, antityrosinase and antidiabetic activities [2] . Only three Morus species (M. alba, M. nigra and M. rubra) are part of the Serbian flora [1] . M. alba (white mulberry or 'beli dud' in Serbian) is a tree native to northern China. Nowadays, white mulberry is a worldwide naturalized species cultivated to feed silkworms in the commercial production of silk [1] . A SciFinder search revealed more than 11,000 reports dealing with M. alba. However, only seven reports dealt with the essential-oil analysis of this particular taxon. These studies showed that the essential oil from M. alba leaves contained high amounts of alkanes, diterpenes and sesquiterpenes [3] , while the major constituents of the essential oil isolated from dry fruits were 1,8-cineole, geraniol, linalyl acetate, α-pinene and limonene [4] . M. nigra, known as black mulberry or 'crni dud' in Serbian, is a deciduous fruit-bearing tree, native to Iran and Afghanistan [1] . Black mulberries are much less frequently cultivated than white mulberry trees [1] . Interestingly, based on archives from the 13 th century, a black mulberry tree, planted in the courtyard of the Patriarchate of Peć, is one of the oldest plant organisms in Serbia [1] . Up to now, non-volatile secondary metabolites of M. nigra were the subject of several studies [5] . However, there are no previous studies on the chemical composition of the essential oil of this plant species.
The drying process of plant material has a crucial role in preventing the growth of microorganisms and, also, makes storage and transportation of plant material much easier [6] . During the drying process, evaporation of volatile phytochemicals and/or the formation of artefacts, as a result of external (e.g. oxidation by atmospheric oxygen) and internal ((non)enzymatic) degradation/transformation, can cause changes in the aroma and medicinal potential of plant material [6] . Several studies reported significant changes in the biological/pharmacological properties (e.g. antioxidant capacity), and changes in color and chemical composition of the essential oil as a consequence of plant material drying [6] . Morus spp. leaves can be used, for medicinal purposes, either fresh or dried [2]. However, Morus leaves, like other herbal teas or medicinal plants, are usually stored and consumed in dried form. For that reason, the current work is aimed to analyze the composition of the essential oil from both fresh and dried leaves of two Morus species (M. alba and M. nigra) cultivated in Serbia and to evaluate the influence of the drying process on the volatiles of the leaves.
Detailed GC and GC/MS analyses of four essential-oil samples obtained by hydrodistillation of both fresh and dried M. alba and M. nigra leaves, collected from mulberry trees cultivated in SE Serbia, allowed, in total, the identification of 131 constituents that represented 95.1 -96.4% of the total GC peak areas ( Table 1) . The most abundant classes of compounds identified were alkanes and diterpenoids that together constituted more than 60% of sample MA-2, and more than 88% of the samples MN-1, MN-2, and MA-1. The remaining identified volatiles were carotenoid derivatives (1.4 -24.8%) and fatty acid related constituents (tr -8.1%). The major contributors of M. nigra essential oils were: trans-phytol (65.4 -71.2%), (E,E)-geranyl linalool (0.2 -8.0%) and normal chain alkanes (tricosane (2.0 -2.8%), pentacosane (2.4 -3.8%), heptacosane (1.9 -2.7%), nonacosane (3.4 -4.1%) and hentriacontane (2.4 -3.5%)). Similarly, the bulk, by percentage, of both M. alba essential oils was comprised of alkanes, diterpenoids and carotenoid derivatives. trans-Phytol (7.9 -61.6%) was the predominant detected constituent, followed by cis-bovolide (8.1%), pentacosane (8.2 -10.9%), heptacosane (3.7 -7.9%), nonacosane (4.2 -12.4%) and hentriacontane (3.2 -12.4%). In general, there were only quantitative variations noted among M. nigra essential-oil constituents from fresh leaves (MN-1;
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Chemical composition of two Morus sp. essential oils Natural Product Communications Vol. 12 (1) 2017 117 hydrodistillated immediately after the collection of plant material) and dried leaves (MN-2; the essential oil was isolated after a onemonth drying period at room temperature). The most discernable changes included an alteration in the content of the major constituents: the content of trans-phytol and the total amount of alkanes decreased by 5.8 and ≈ 2%, respectively, while the relative amount of (E,E)-geranyl linalool increased by 7.8%. Contrary to this mostly quantitative compositional change in the M. nigra essential-oil samples during the drying of leaves, the composition of the corresponding M. alba essential oils (MA-1 and MA-2) differed not only quantitatively, but also qualitatively. Again, trans-phytol was the constituent that displayed the most significant drop in its relative content; this time its relative amount was lower by ca. 8 times; the percentage of geranyl acetone and all isomers of 4,6,8megastigmatrien-3-one increased after the period of drying (Table  1) . Also, a γ-lactone, cis-bovolide, appeared in the essential oil of M. alba dry leaves among the major contributors (8.1%).
Carotenoid-derived compounds (apocarotenoids or norisoprenoids) reached 24.8% of the total essential oil from sample MA-2, while compounds of this class formed only 1.4% of the oil sample from fresh M. alba leaves (MA-1). Thus, not only the relative content of the carotenoid fraction, but also its qualitative composition, distinguished the samples of the essential oil from fresh and dried M. alba leaves (MA-1 and MA-2; Table 1 ). In general, the flavor of plant material is one of the main sensory properties used in its selection, acceptance and ingestion [9] . The obtained differences, i.e. the increased amount of carotenoid derivatives, suggested that the drying process has a crucial rule for the known flavor of tea (water infusion) prepared from dried M. alba leaves. For example, β-ionone (violet-like, woody, floral, fruity flavor), present in both M. alba essential-oil samples (MA-1 and MA-2; Table 1 ), is the main contributor to the aroma of roses despite its relatively low concentration in rose oil [10] .
The increased amount and the large structural diversity of apocarotenoids found in M. alba dried leaves can be attributed mainly to the catalytic versatility of a family of carotenoid cleavage dioxygenases (CCDs) that catalyze the synthesis of apocarotenoid volatiles only at the leaf senescence stage, even though the CCD enzymes are present throughout the development of this plant organ [10] . A proposed biosynthetic pathway, linking most of the identified apocarotenoids from the dried M. alba leaves with their common precursor (phytoene), is depicted in Figure 1 . Based on the structures of the biosynthesized apocarotenoids (C 13 -norisoprenoids -β-ionone, 3,4-dihydro-β-ionone, safranal, β-damascenone and all diastereoisomers of megastigma-4,6,8-trien-3-one) it seems that the bio-oxidative cleavage reactions that involved 9,10 (9',10')dioxygenase (CCD1, CCD7 and/or AtCCD1 enzyme, which cleave the 9,10 double bonds of their respective carotenoid substrates [10]), were the dominant ones (Figure 1 ).
The sample of essential oil from dried M. alba leaves contained a compound eluting at RI 1518 that accounted for 8.1% of the oil; this was completely absent from all other oils. A direct comparison of the mass spectrum of the compound in question (molecular ion at m/z 180, base peak at m/z 124; Figure 2) with those from the available commercial mass spectral libraries (Adams [7] , Wiley 6, NIST11 and MassFinder 2.3) did not result in a positive hit. From the experience of the authors, the very same compound is known to have been the constituent of a number of other essential oils, but remained unidentified [11] . The first clues to its identity came from a consideration of another constituent present in that essential oil sample, namely, dihydrobovolide, identified based on a comparison with a mass spectrum and retention index from MassFinder 2.3, eluting (RI 1512) just before the compound of interest.
Dihydrobovolide possesses a mass spectrum that displayed ions at m/z values that were 2 amu higher than those of the yet unidentified constituent, including its molecular ion (at m/z 182). This led us to consider the possibility that the compound at RI 1518 represents a dehydro derivative of dihydrobovolide. A literature search revealed that such a compound exists: (E/Z)-3,4-dimethyl-5-pentylidene-2(5H)-furanone, known as (cis/trans)-bovolide ( Figure 2) . A comparison of the reported [8] mass spectrum and RI value, for the column of the same polarity, of bovolide with those that correspond to the component from our oil corroborated the tentative identification. Thus, the component at RI 1518 was identified as one of the geometric isomers of bovolide. , and that fact could be understood in terms of the apparent large difference in the minimal potential energies of the two diastereoisomers. To verify this, we calculated, using ChemBio 3D Ultra 12.0 software, at the MM2 level of theory, the ∆E mentioned between the conformations with the minimal energy of the two diastereoisomers. It amounted to ≈ 4 kcal/mol (9.4635 and 13.6868 kcal/mol for (Z)-3,4-dimethyl-5-pentylidene-2(5H)-furanone and (E)-3,4-dimethyl-5-pentylidene-2(5H)-furanone, respectively). For comparison sake, the E isomer of 3-hexene was only 0.21 kcal/mol more stable than the Z (the difference was calculated in the same manner). Such a difference in stability suggests that, in the equilibrium between the isomers, at room temperature, one would expect a domination of (Z)-bovolide (more than 99.99% in equilibrium). Thus, we believe that the isomer of bovolide that we detected is most probably also the thermodynamically most stable one, i.e. Z-isomer. It appears to us that the trivial names cis-bovolide, or only bovolide (CAS No. 774-64-1), are rather confusing with regard to the stereochemistry of this compound. It is difficult to understand the meaning of cis in this particular case (four different groups attached to the double bond in question). We believe that the stereodesignator Z is much more appropriate for use, and even better to also state the nomenclature name along with the trivial one. Isolation of essential oils: Fresh (3 x 300 g batches) and dried leaves (3 x 100 g batches) were subjected to hydrodistillation for 4.5 h using the original Clevenger-type apparatus [6b]. The yields of essential oils were 0.0011 and 0.0012% from the dried plant material (MN-2 and MA-2, respectively) and 0.0080% (w/w) from both samples of fresh leaves (MN-1 and MA-1) .
GC-MS analysis:
GC-MS analyses (3 repetitions) were carried out using a Hewlett-Packard 6890N gas chromatograph equipped with a fused silica capillary column DB-5MS (5% phenylmethylsiloxane, 30 m  0.25 mm, film thickness 0.25 μm, Agilent Technologies, USA) and coupled with a 5975B mass selective detector from the same company. The injector and interface were operated at 250 and 300°C, respectively. Oven temperature was raised from 70 to 290°C at a heating rate of 5°C/min and the program ended with an isothermal period of 10 min. As a carrier gas helium at 1.0 mL/min was used. The samples, 1.0 μL of essential oil solutions in diethyl ether (10.0 mg of an essential oil sample per 1.0 mL of solvent), were injected in a pulsed split mode (the flow was 1.5 mL/min for the first 0.5 min and then set to 1.0 mL/min throughout the remainder of the analysis; split ratio 40 : 1). MS conditions were as follows: ionization voltage 70 eV, acquisition mass range m/z 35-650, scan time 0.32 s. Percentage composition of the essential oils was computed from the GC peak areas without any corrections. Constituents were identified by comparison of their linear retention indices (relative to C 8 -C 33 n-alkanes [7] on a DB-5MS column) with literature values [7] and their mass spectra with those of authentic standards, as well as those from Wiley 6, NIST11, MassFinder 2.3, and a homemade MS library with the spectra corresponding to pure substances and components of known oils, and wherever possible, by co-injection with an authentic sample.
